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COVER: The fire research program of the National Bureau of Standards 
investigates the basic physical and chemical mechanisms involved in ignition, 
spread, and extinguishment of fire. The data developed are widely applied 
in the prevention or control of unwanted fires. On the cover are sticks of 
Douglas fir in a burning cross pile. This is a typical active stage of 
combustion (see p. 159). 


Burning Characteristics 
of Cross Piles of Wood 


LACK OF basic knowledge regarding the growth 
and propagation of fires in building structures has 
hampered efforts to evaluate the true degree of hazard 
represented by flammable interior finish materials. As 
part of a long-range research program intended to 
provide technical information on fire-growth phe- 
nomena, the Bureau has recently completed prelimi- 
nary experiments involving the controlled burning of 
simple, symmetrical cross piles or “cribs” of wood of 
varying sizes. Daniel Gross has conducted such ex- 
periments to study the effect of the model parameters 
involved in fire propagation. Thus far, this work 
indicates the possibility that simple models may even- 
tually be useful in analyzing fires in enclosed rooms 
and buildings. 

A recent study by the Committee on Fire Research 
of the National Academy of Sciences—National Re- 
search Council has spurred research in fire investi- 
gation. Projects planned at the Bureau include both 
theoretical and experimental investigations of ignition, 
combustion, and fire-growth phenomena, and _ the 
detection, inhibition, and extinguishment of fires. 


Materials Studied 


Douglas fir, a common building material, was used 
most extensively in the cross pile tests. Limited use 
was also made of balsa, mahogany, and ash to deter- 


mine the effects of density and thermal properties on 
maximum rates of burning. Sticks of square cross 
section varying from 0.16 to 9.15 cm were used. The 
length of the stick in each case was 10 times its width. 
Sticks of the same size were stacked in layers with 
sticks in adjacent layers at right angles. Ten layers 
were used to make a cubical stack. The number of 
sticks in each layer of a particular test crib was con- 
stant; however the number of sticks per layer was 
changed with each test in order to examine the effect 
of porosity. 

The cribs were ignited by burning either normal hep- 
tane or alcohol in a square pan beneath the fuel pile. 
All tests were conducted within a high-ceilinged closed 


room to minimize the effects of wind and draft. The 
crib weights were recorded before, during, and after 


burning. Measurements were also made of flame 
height, temperatures, and radiant intensity. 


Results 


Data gathered from the series of experiments showed 
a definite sequence of burning: (a) The ignition stage, 
characterized by a gradually increasing weight loss 
per unit time, (b) the active combustion stage, cor- 
responding to a maximum and relatively constant rate 
of weight loss, and (c) the decay stage, resulting in 
the collapse of the pile and the exhaustion of burning. 


Left: Correlation eurve applied to data from burning cross piles of wood. Region A, diffusion-limited combustion 
showing an increase in rate of burning as the porosity of the pile is increased; Region B, free combustion, a rather 
stable rate of burning over a range of porosities; Region C, nonsustained combustion due to a lack of combustable 


material or too great a porosity. Right: Weight-time curves for burning cross piles of wood. 
of burning is taken as the maximum slope of the smoothed weight-time curve. 
the size of cross section, number of sticks per layer, and number of layers in the pile, respectively. 


The maximum rate 
Numbers in the chart refer to 
For example, 


the curve on the left represents a cross pile having sticks 1.27 em wide, 3 sticks per layer, and 10 layers. 
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Information from the series of cross pile experiments 
can be considered in terms of the maximum rate of 
weight loss and a porosity factor. The rate with which 
a fire burns in a cross pile is decreased if the cross pile 
is too dense, that is if the number of sticks per layer 
is too great. Similarly, the rate with which the fire 
burns will be inhibited if the cross pile is too sparse. 
Between these two regions a fire in a cross pile will 
burn with a maximum rate of weight loss. It was 
found that all the data could be correlated in terms of 
a scaled rate of burning and a porosity factor. The 
scaled rate of burning was taken as the product of the 


maximum rate of weight loss (on a percent basis) and 
the stick width size raised to the 1.6 power. 

More basic information is required on the growth 
of fires in model enclosures. Using cross piles to 
represent the combustible load, the effect of various 
parameters on the rate and character of burning 
within model enclosures may be investigated. 


‘For further technical details see Experiments on the 
burning of cross piles of wood, by D. Gross, J. Research 
NBS 66C (Eng. and Instr.), No. 2, 99 (April-June 
1962). 


The Thermodynamic and Practical Temperature Scales 


The measurement of temperature is a widespread 
operation in modern science and technology. Unfor- 
tunately, the existence of two closely related but 
distinct temperature scales—the International Prac- 
tical and the Kelvin thermodynamic—has led to some 
confusion. The following discussion is intended to 
clarify the relationship between these two scales; the 
Fahrenheit, Rankine, Reamur, or other scales may be 
derived from them. 

The presently recognized thermodynamic tempera- 
ture scale is based, as always, on the second law of 
thermodynamics, but is now defined by assigning a 
value to a single fixed point—the triple point of pure 
water (273.16 °K). Zero on this scale is at the abso- 
lute zero of temperature. Absolute thermodynamic 
temperatures are denoted by the symbol “7” and re- 
ferred to as “degrees Kelvin” or “°K.” Thermody- 
namic temperatures may also be expressed on the 
thermodynamic Celsius scale. Zero on this scale is 
0.01 degree C below the triple point of water. Ther- 
modynamic Celsius temperatures, obtained by sub- 
tracting 273.15 from the thermodynamic Kelvin 
temperatures, are denoted by “éinerm” and referred to 
as “°C (therm).” 

Ideally, all values of temperature would be measured 
on a single scale—the thermodynamic scale. However, 
values of thermodynamic temperatures must be deter- 
mined with a device such as the gas thermometer, the 
ultrasonic thermometer, or the magnetic thermometer, 
whose measurable property is related in a known 
manner to the thermodynamic temperature. The com- 
plexities and experimental difficulties of these measure- 
ments have made necessary the use of simpler and 
more reproducible practical devices. In order that 
values of temperature measured with practical devices 
agree as closely as possible, the International Tem- 
perature Scale was defined and adopted in 1927. In 
addition to providing a uniform practical scale, the defi- 
nition of this scale was chosen so that it would agree as 
closely with the thermodynamic scale as knowledge at 
that time permitted, but small and uncertain differences 
do exist. 
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The international scale, slightly revised in 1948, and 
renamed the International Practical Temperature 
Scale ' in 1960, is based on six defining fixed points 
(one being the triple point of water with an assigned 
temperature of 0.01 °C), and on formulas establishing 
the relationship between values of temperatures and 
the indications of standard instruments calibrated at 
these fixed points. Zero on this scale is 0.01 degree 
C below the triple point of water. The standard in- 
struments used to realize the scale are platinum resist- 
ance thermometers from —182.97 (below which the 
scale is undefined) to 630.5 °C, and platinum-platinum- 
10% rhodium thermocouples from 630.5 to 1063 °C. 
Optical or photoelectric pyrometers are used above 
1063 °C. Temperatures on this scale are referred to 
as “°C(Int. 1948)” or “degrees Celsius * international 
practical 1948,” and are denoted by the symbol “‘éjnt.” * 
Values of international practical Kelvin temperatures 
are obtained by adding 273.15 to the values of interna- 
tional practical Celsius temperatures. Practical Kelvin 
temperatures are referred to as “°K(Int.)” and are de- 
noted by the symbol “7j,;.”" It should be noted that 
it is incorrect to assume that absolute thermodynamic 
temperatures are obtained merely by adding 273.15 to 
practical Celsius temperatures. Values of tempera- 
tures obtained in this manner are close to the absolute 
thermodynamic scale, but are not thermodynamic in 
either principle or value. Also, subtracting 273.15 
from the value of a thermodynamic Kelvin tempera- 
ture does not give the value of a practical Celsius 
temperature. 

The Bureau is concerned with temperature measure- 
ment in many ways. Through its calibration services, 
NBS promotes the accuracy and uniformity of tem- 
perature determinations made in this country. The 
Bureau also represents the United States at the Inter- 
national Committee on Weights and Measures, and has 
a representative on the Advisory Committee on Ther- 
mometry of this body. A wide variety of research 
programs is currently under way at the Bureau, designed 
to improve temperature measurements from near 
absolute zero to 10,000 °C and above. A major pro- 
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gram of gas thermometry is under way to measure more 
accurately the difference between values’ of tempera- 
ture on the thermodynamic scale and the International 
Practical Temperature Scale. ~ 


‘International practical temperature scale of 1948, 
text revision of 1960, by H. F. Stimson, NBS Mono. 37, 


Kessler to Head Reorganized 


Atomic Physics Division 


Karl G. Kessler has been appointed Chief of the 
NBS Atomic Physics Division, and William C. Martin, 
Robert P. Madden, Harold Boyne, and Wolfgang L. 
Wiese have been named to head reorganized sections 
of the division. 

Dr. Kessler will direct a program of basic research on 
wavelength standards, atomic and molecular spectro- 
scopy, solid state physics, interactions of the free elec- 
tron, atomic constants, and laboratory astrophysics. 
He succeeds L. M. Branscomb, who has transferred to 
the NBS-University of Colorado Joint Institute for 
Laboratory Astrophysics at Boulder. 

Dr. Martin will succeed Dr. Kessler as Chief of the 
Spectroscopy Section. This section measures and 
classifies spectra, calculates atomic energy levels, studies 
spectral lines by means of interferometry, develops 
sources of wavelength standards, and investigates other 
spectroscopic sources. 

A Far Ultraviolet Physics Section, headed by Dr. 
Madden, has been formed to develop radiation stand- 
ards in the far ultraviolet spectral region and instru- 
mentation for the study of this region. The section 
will also investigate the effect of far ultraviolet radia- 
tion on the properties of materials and conduct basic 
research on the physical phenomena which involve 
quantitative measurement of far ultraviolet radiation. 

Dr. Wiese will be in charge of the new Plasma 
Spectroscopy Section. The section will make experi- 
mental and theoretical determinations of atomic transi- 
tion probabilities and lifetimes of excited atomic states, 
prepare bibliographies on atomic transition proba- 
bilities, and tabulate the available numerical data. In 
addition, spectroscopic techniques for the investigation 
of dense plasmas will be studied and refined, and the 
shape and shift of spectral lines will be investigated. 

The Atomic Physics Section will now be headed by 
Dr. Boyne. He replaces S. J. Smith, who has also 
transferred to the Joint Institute for Laboratory 
Astrophysics. 

No changes have been made in the remaining sections. 
E. K. Plyler will continue to be in charge of the In- 
frared Spectroscopy Section, H. P. R. Frederickse will 
head the Solid State Physics Section, and J. A. Simpson 
will head the Electron Physics Section. 

Dr. Kessler, who has worked in spectroscopy since 
joining the Bureau’s staff in 1948, became Chief of the 
Spectroscopy Section in 1959. Born in Germany in 


1919, Dr. Kessler studied at the University of Michigan, 
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available from the Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C., 10¢. 

“Celsius versus centigrade, by H. F. Stimson, Science 
136, 254 (20 Apr. 1962). 

“Where there is no real possibility of confusion the 
simple designation °C, °K, t, or T, without the indi- 
cated parenthetical suffix or subscript, is satisfactory 
and preferred. 3 


receiving his A.B. in 1941 and his Ph. D. in 1947. 
He was awarded the Department of Commerce 
Exceptional Service Gold Medal in February 1962 for 
his development of atomic beam sources for standards 
of wavelength. 

Dr. Martin, a specialist in the field of atomic spectro- 
scopy, was an instructor in physics at Princeton Uni- 
versity before joining the Bureau in 1957. Since that 
time he has observed and analyzed atomic spectra and 
is now investigating the first spectrum of the rare earth 
cerium. Dr. Martin was born in Cullman, Ala. in 1929 
and received his B.S. from the University of Richmond 
eet in 1951 and his Ph.D. from Princeton in 
1956. 

Dr. Madden joined the staff of the Bureau less than 
a year ago to organize the far ultraviolet research 
group. Prior to this, he was Chief of the Spectroscopy 
Section of the Engineer Research and Development 
Laboratories at Ft. Belvoir, where he received the Out- 
standing Technological Achievement Award in 1960. 
Born in 1928, Dr. Madden was awarded a B.S. from the 
University of Rochester in 1950 and a Ph.D. from Johns 
Hopkins University in 1956. He was a research as- 
sociate at the Laboratory of Astrophysics and Physical 
Meteorology at Johns Hopkins until 1958. 

Dr. Boyne has been experimenting with lasers since 
joining the Atomic Physics Section of NBS a year ago. 
Born in Hyannis, Mass., in 1928, he received his B.A. 
from Champlain College in 1953 and his Ph.D. from 
the University of Michigan in 1959. Following his 
graduation, he served as an instructor and research 
associate at the University of Michigan. 

Dr. Wiese has been in charge of a major research 
program on the determination of atomic transition 
probabilities at NBS since joining the staff in 1960. 
He was honored for his outstanding research in this 
field in February 1962 when he received a Silver Medal 
for Meritorious Service from the Department of Com- 
merce. Born in Tilsit, Germany in 1931, Dr. Wiese 
received his B.S. in 1954 and his Ph. D. in 1957 from 
the University of Kiel in Germany. After coming to 
this country, he was a research associate in plasma- 
spectroscopy at the University of Maryland for two 
years. 
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TRANSDUCER GROUP MEETS AT NBS 


On June 21 and 22, 1962, the Bureau was host to 
a meeting attended by over 100 scientists and engineers 
who use transducers in their investigations. The pro- 
gram, which had as its theme “Test and Evaluation of 
Telemetering Transducers,” was sponsored by the 
Transducer Committee of the Telemetry Working 
Group, an organizational division of the Inter Range 
Instrumentation Group. 

The Inter Range Instrumentation Group draws its 
membership from scientists and engineers engaged in 
developing, designing, and operating the instrumenta- 
tion used in missile ranges. An essential part of range 
instrumentation is the telemetering system which 
transmits to receivers and recorders on the ground 
data on what is happening to the test vehicle in flight. 
The data—measurements of temperature, pressure, 
acceleration along the three axes, etc.—are obtained by 
transducers, which modulate the radio transmission 
from the instrument package to the telemetry receiver 
on the surface of the earth. 

Telemetered data can be only as accurate as the 
transducers, which transform the input energy 
(changes in pressure, inertial forces, temperature, etc.) 
into electrical energy. The precision needed in these 
measurements requires that transducers be carefully 
evaluated and compared, both to select the transducer 
best suited for each task and to identify measurements 
for which more accurate or reliable transducers are 
needed. 

This transducer workshop was planned by the Trans- 
ducer Committee to facilitate sharing techniques of 
transducer calibration. Workshop chairman Arnold 
Wexler, Chief of the NBS Mechanical Instruments 
Section, was assisted in planning the workshop by John 
Hilten of NBS, while Paul Polishuk, of the Air Force 
Aeronautical Systems Division, served as sessions 
chairman. 

The gathering of transducer scientists was welcomed 
by G. F. Montgomery, Chief of the NBS Instrumen- 
tation Division. In keeping with the emphasis on 
calibrating transducers, tours through several of the 
Bureau’s laboratories were arranged for the members 
of the workshop. Following the opening of the first 
session, A. J. Bialous described the pressure trans- 
ducers used by the General Electric Co., and the value 
of their results both for selection of transducers and 
as data needed in the development of more suitable 
instruments. Jon Iaskeep discussed dynamic tests of 
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pressure transducers used at the Jet Propulsion Lab- 
oratory and the many parameters affecting transducer 
performance. Parameters affecting frequency response 
and the choice of medium were considered in detail. 

J. B. Revelino described the standardized strain 
gage instrumentation system used by Aerojet-General 
Corp., its adaptation for maintaining the calibration 
of strain gage transducers, and the calibration tech- 
niques used for transducers of pressure, thrust, and 
flow. R. W. Armstrong discussed the evaluation at 
Aerojet-General of pressure, force, flow, temperature, 
vibration, and heat flux transducers used in static and 
flight testing of rocket propulsion systems and compo- 
nents in both ambient and simulated operational 
environments. 

James D. Phillips described the calibration equip- 
ment and techniques used at the Holloman Air Force 
Base Test Track and the development of a calibrator and 
procedures for calibrating transducers of acceleration, 
vibration, pressure, temperature, and strain now being 
sponsored by Holloman. F. M. Eckert gave the trans- 
ducer evaluation techniques being used at Vought 
Aeronautics in static and dynamic environment tests 
and dynamic stimulus tests. 

Digital sensing techniques, including applications 
and a summary of the present level of digital sensing 
technology, were discussed by W. Gene James of 
Wright-Patterson AFB. He also outlined means of 
compensating for specific transducer performance 
characteristics in the self-calibration of transducers. 
Nozzle positioning transducers measuring displace- 
ments as little as +4° full scale range and the 
advantage of in-place calibration of piezoelectric 
accelerometers were discussed by Gerald P. Starr of 
the Hercules Powder Co. 

The techniques and equipment used at the Bureau 
for calibrating accelerometers in the 10 to 2000 c/s 
range were described by L. K. Irwin, with particular 
attention to the accuracy obtainable. Seymour Edel- 
man outlined the development at NBS of a series of 
vibration amplitude techniques and the refinement of 
a photoelectronic device identifying precisely known 
vibratory displacements for calibration purposes. 
The necessity of monitoring a variety of calibration 
conditions was stressed by R. O. Smith and John S. 
Hilten of NBS, who also noted the need for performing 
both static and dynamic calibrations on the same 
device. 
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NBS Boulder Laboratories Recruits 
Scientists for Antarctic Research 


THE NBS BOULDER Laboratories has a continu- 
ing need to recruit electronic engineers and physicists 
to serve for 12 to 18 months in the Antarctic research 
program, which includes a short training period at 
Boulder. The recruiting drive is headed by William S. 
Hough, of the Field Engineering Section of the Central 
Radio Propagation Laboratory. Hough is a former 
Antarctic researcher himself. ; 

November is the summer season in the Antarctic and 
is the time when rotation of personnel takes place. 
Those who have carried on polar projects for the past 
year will greet the newcomers—break them in on their 
new jobs—and turn important research projects over 
to them before returning to the United States. 

NBS research projects in the Antarctic are a con- 
tinuation of those which were begun during the Inter- 
national Geophysical Year (IGY), and will lead to the 
program known as the International Year of the Quiet 
Sun (IQSY). Conducted in coordination with the 
National Science Foundation, the Boulder Laboratories’ 
projects are concerned chiefly with the measurements 
of electromagnetic phenomena, with the characteristics 
and behavior of the ionosphere, and with the effects of 
solar activities on radio transmissions. 

The study of the electromagnetic geophysical phe- 
nomena of the polar regions is exciting. Included 
are aurora, airglow, magnetism, very low frequency 
emission, riometry, micropulsations, and radio noise, in 
addition to the ionosphere physics. In the Antarctic 
the land mass has provided permanent fixed locations 
for scientific stations, making possible the continuous 
study of the variables of nature without the complica- 
tions caused by constantly changing position as in the 
case of Arctic stations located on the pack ice. 

The Radio Noise Section operates a network of 
recording stations throughout the world to determine 
the level and character of the radio noise (static) with 
which wanted radio signals must compete. One of the 
most interesting stations in this network is the one 
located at Byrd Base, Antarctica. This station is in the 
unusual geographical location that allows study of the 
propagation of noise from thunderstorms along the 
equator over a nighttime path. Also, since Byrd Base 
is located near the centerband of auroral activity, this 
is a unique location for the study of the effects of this 
phenomenon on radio noise and reception. The noise 
recording equipment is located about a mile from the 
base camp and is complete with its own diesel-electric 
generating equipment. The radio noise is recorded 
automatically on eight discrete frequencies from 51 
kc/s through 20 Mc/s. The recordings are made on 
two channels simultaneously and on a time-sharing 
basis so that each frequency is sampled for fifteen min- 
utes each hour. 

The corpuscular bombardment effects of energetic 
particles on the earth’s ionosphere will be observed in 
the Antarctic at the new Eights station and at Byrd 
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station. Simultaneous observations of very low fre- 
quency emissions and whistlers, airglow and aurora, 
ionospheric absorption, and magnetic micropulsations 
will be made in a comprehensive geophysical experi- 
ment. This series of related experiments will make 
possible a detailed study of energetic particle behavior 
as influenced by the earth’s magnetic field, and the 
effect these particles have on the ionosphere. The ex- 
periments will permit a detailed study of the relation- 
ship between the occurrence of geophysical phenomena 
as observed simultaneously in the two hemispheres, 
since similar observations will also be made in the 
northern hemisphere. 

One of the principal instruments to be used in these 
stations is a vertical incidence, sweep frequency, pulsed 


Harry G. Sellery, chief of the Field Engineering Sec- 
tion, NBS Central Radio Propagation Laboratory, at the 
9,186-ft altitude South Pole Station where the Bureau 


maintains an ionospheric research station. The “pole” 
is on top of the garage of the “dug-in’’ South Pole 
station. 


radar. Using this instrument, it is possible to deter- 
mine certain characteristics of the upper atmosphere, 
including the heights and electron densities of the 
ionospheric layers. The data from each station are 
transmitted to the World Data Center in Boulder, where 
they are available to other research workers for 
analysis. 

Positions are for qualified physicists, electronic en- 
gineers, or experienced technicians prepared to spend 
twelve months in the Antarctic to operate the experi- 
ments, maintain the instruments and supporting equip- 
ment, and participate in data analysis. Personnel who 
successfully pass the qualifying tests are given a 30 to 
90 day training period at Boulder Laboratories be- 
fore departing for the Antarctic in November. In- 
quiries may be addressed to the Personnel Officer, 
Boulder Laboratories, National Bureau of Standards, 


Boulder, Colorado. 
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Corrosion Study of Steel Piling in Service 


THE EXTENT of corrosion in steel piling driven 
into the ground was recently investigated at the Bureau. 
Data obtained from different geographic locations show 
that the strength and useful life of the driven piling 
are not materially affected by corrosion, apparently 
because of the deficiency of. oxygen in “undisturbed” 
natural soils.1_ These findings are in sharp contrast to 
those of earlier corrosion studies in which metal speci- 
mens such as pipe lines that are buried under “dis- 
turbed” soil conditions exhibit varying amounts of 
corrosion.” 

The present survey was conducted by Melvin Ro- 
manoff of the Bureau’s metal reactions laboratory, 
in work sponsored by the American Iron and Steel 
Institute. The U.S. Army Corps of Engineers, which 
maintains a number of floodwall and dam installations, 
cooperated in the study. 

Previous studies of the corrosivity of soils toward 
metals have been restricted to the behavior of specimens 
in “disturbed” soils, that is, in trenches or excavations 
which were dug and backfilled after installation. These 
studies * revealed that the corrosion of ferrous metals 
varied from negligible to severe in different soil en- 
vironments. In such instances, the major cause of cor- 
rosion was a nonuniform distribution of oxygen and 
moisture along the surfaces of the buried metallic 
structures, resulting in the formation of oxygen- 
concentration cells that initiated an electrochemical 
corrosive process. 

The earlier investigations also revealed at least a 
rough correlation between corrosion and soil proper- 
ties, such as pH, resistivity, and chemical composition. 
The present survey was made to determine whether 
these properties also affected the behavior of steel 


piling frequently used to resist lateral pressures from 
earth and water, or to transmit loads to lower levels. 

To permit examination of entire lengths of piling, 
some of which had been exposed from 32 to 40 yr, 
H-piling used as load-bearing foundations and sheet 
piling used as structural members of dams, floodwalls. 
and bulkheads were extracted from eight location: 
(see table 1). At seven floodwall and dam installa- 
tions whose existing structures could not be disturbed, 
adjacent test holes were excavated for inspections of 
piling in service in various soil environments (see 
table 2). Small pile sections and samples of the soils 
collected at different levels during the excavations were 
forwarded to the laboratory for further study. 

The inspections listed in the tables provided infor- 
mation on the behavior of steel piling over a wide 
range of conditions. For example, backfill material 
varied in content from riprap, cinders, and slag, to 
combinations of sand, silt, loam, and clay. The un- 
disturbed natural soils varied from well-drained sands 
to impervious clays. Soil resistivities ranged from 
300 ohm-cm (indicating the presence of large quan- 
tities of soluble salts, normally corrosive under 
“disturbed” soil conditions) to over 50,000 ohm-cm 
(indicating the absence of soluble salts). The pH of 
the soils ranged from 2.3 to 8.6. 

The inspections disclosed that limited corrosion in 
the form of highly localized pitting, occurred on a few 
occasions below the water table zone. Laboratory 
measurements of a number of specimens revealed only 
small or negligible reductions in wall thickness. The 
pitting type of corrosion is, of course, of major im- 
portance in pipe lines or other metal structures designed 
to carry fluids. But in piling structures, the depth of 
pitting is not particularly significant; a uniform re- 
duction in thickness from corrosion of a considerable 
area of structural surface is much more serious. 

In the present investigation, sections of piling ex- 
posed to fill soil above or in the water-table zone 
appeared to be the most vulnerable to corrosion. How- 
ever, only localized pitting was generally found, and 
the sections were readily accessible for protection, if 
necessary. 

The survey showed that soil environments which are 
normally corrosive toward specimens buried in “dis- 
turbed” soils are not corrosive to steel piling driven into 
“undisturbed’ soils. Apparently these soils are so 
deficient in oxygen at levels a few feet below the ground 
line or the water table zone that steel piling is not 
appreciably affected by corrosion, regardless of the 
soil properties. 

It is therefore concluded that information on the 
type, drainage, resistivity, pH, or chemical composi- 
tion of soils is of no practical value in determining the 


Section of steel sheet piling was removed after exposure for 37 yr in 
a cofferdam structure in the Lumber River, Boardman, N.C. 
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PRIDE CC ALEG SMULWAY oii ogi die he Sa aes wien Be wc 
Test pilin 
Corps of 

Semenyeet aed Van ODL WAY occ Son) alos had ls who ead 
Brera ARO UT EL ie secs ais ys ght Pa on pile 
Simpson-Long Bridge, retaining wall.............. 
Wilmington Marine Terminal, pile jetty........... 


ngineers Lock and Dam No. 8.......... 


Lumber River Bridge, cofferdam.................. 


TABLE 2. 


Structure 


Steel pilings extracted from location 


Memphis Floodwall.... 2.5.0 esc% ste e cases 
WIG GUNEOURIOOAWAIL. cick. ee lene aes anes sa 
Barats LAINIOPIL WAY... 6's le sue alate ero vane was 
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Length of 
Location Age of Type of |piling exposed 
piling piling {below ground 
line 
Yr Ft 
New Orleans age. .auste nese 17 Hap te: 122. 
Sparrows Point, Md............. 18 et 136. 
Ouachita River, Ark............. 40 Sheet 15. 
Grenada, Miss..............0..55 12 Sheet 14. 
SardissiMisamee eee ete et 20 Sheet 3.5. 
iNew Orleans sliaaeen esse. 32 Sheet Boe 
Wilmington, Deli... 6550-6 23 Sheet 60 and 100. 
Boardman siNiGaeece ocr. 37 Sheet iene 
Steel sheet pilings exposed in excavations 
Length of 
Number Age of piling ex- 
Location of exca- piling posed below 
vations ground 
line 
Yr Ft 
Mempinis, Lentkn.2.2F 2h. ees ho 2 a 9.0 
Witkebure, Miss ia20. 5086s cae a Ge es 2 a 8.5 
Sarclicse| Vics wwe er eee hea See eet 1 20 5. 0 
GCrenada-)Misst ae ve aoa erie 2 11 5.5 
Berwick baer aerate eee ae 2 ll 5. 0 
iNew Orleans.) isa. gerne eons 1 12 7450) 
id SIMiss by tee eee ce eee e re 1 12 D309 


corrosiveness of soils toward steel piling driven into 
the ground. Hence, such data should not be used to 
estimate the corrosion of piling installed in this 


manner. 


Also NBS Mono. 58, available from the Superintendent 
of Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., for 20 cents. 

*“Underground corrosion, by Melvin Romanoff, NBS 
Circ. 579, available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 25, 


+ For further technical details, see Corrosion of steel 
piling in soils, by Melvin Romanoff, J. Research NBS 
66C (Eng. & Instr.) No. 3, 223-244 (July—Sept. 1962). 


Sections of a 139-ft-long 
H-piling pulled from Spar- 
rows Point, Md., after an 
18-yr. exposure. Left, sec- 
tion at water table zone in 
fill material; center, sec- 
tion in clay soil at —30 ft 
elevation (note the excel- 
lent condition of the butt 
weld at the splice) ; right, 
coarse sand and gravel stra- 
tum over clay between 
—110 and —126 ft eleva- 
tions. 
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181 (1958). 


D.C., for $3.00; also, Underground corrosion, a sum- 
mary of 45 years of research, NBS Tech. News Bull. 42, 
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STANDARDS for normal threshold of hearing ‘are 
among the least precisely known standards main- 
tained—even the first significant figures have been 
questioned. The sound power levels that produce 
threshold stimuli are so small that any extrapolation 
required must be undertaken with great caution. Sta- 
tistical analyses must be employed because variations 
among individuals are great and noise damage pro- 
duces hearing loss in the frequency region in which 
physical differences among persons show the greatest 
variability, that is, at about 4000 c/s and above. 

The Bureau conducts a program to establish stand- 
ards for measurement of hearing upon an objective 
physical basis, and to devise improved methods for 
maintaining these standards. In the United States the 
calibration of the pure-tone audiometer, an instrument 
for the measurement of hearing level, is based upon 
these standards. 

Audiometers are used by otologists to determine the 
extent of a person’s hearing loss and as an aid in estab- 
lishing the nature of the loss. Since one of the causes 
of hearing impairment is exposure to noise, the deter- 
mination of degree of hearing loss is important in in- 
dustrial compensation cases. In addition, occupations 
which expose workers to auditory hazards must be 
evaluated through monitoring their effects on hearing 
ability. Before a person enters an occupation in which 
hearing ability is critical, his hearing may be measured 
to determine any departure from normality. 

The type of audiometer most widely used is an elec- 
tronic instrument which generates pure tones of con- 
trollable intensity and frequency. The audiometer 
contains an audio oscillator that generates discrete fre- 
quencies, a frequency dial, an amplifier, an attenuator, 
a tone interrupter, and two types of electroacoustic 
transducers, an earphone and a bone conductor. The 
setting of the intensity control or attenuator when the 
tone is just audible to the person being tested is a meas- 
ure of that person’s hearing threshold. The attenuator, 
usually called the hearing loss dial, is made up of a 
resistance network having adjustable settings, usually 
in steps of 2to 5db. Whether the threshold is normal 
or not, however, can be decided only if the audiometer 
is calibrated in terms of auditory threshold for people 
with normal, unimpaired hearing. The hearing loss 
(alternatively called hearing level or threshold level) of 
a person’s ear may be read directly from the setting of 
the hearing loss dial at threshold when the zero of the 
hearing loss dial has been calibrated in terms of normal 
threshold of hearing. The hearing loss is the amount, 
in decibels, by which the threshold of audibility for that 
ear exceeds a standard audiometric threshold. 

The two types of transducer, the earphone and the 
bone conductor, are required in order to accommodate 
the two methods by which sound signals can be trans- 
mitted to the auditory nerve. The earphone (which is 
placed on the outer ear) transmits the signal by air con- 
duction, the process by which sound is conducted to the 
inner ear through the air in the outer ear canal as part 
of the pathway. The bone conductor transmits the 
signal by vibrating the bones of the head. The bone 
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conductor is usually applied at the forehead or the 
mastoid process. The signal is then conducted to the 
inner ear through the cranial bones. These two meth- 
ods of sound transmission require that two separate 
standards for normal threshold of hearing be defined, 
one for air conduction and one for bone conduction. 


Threshold Standards 


In the United States, the normal threshold of hear- 
ing is based on data gathered during the National 
Health Survey of 1935-36.1 At that time the hearing 
thresholds of normal healthy people from 20 to 30 years 
of age were measured. The data were obtained in 
terms of the mean value of voltages applied to the 
audiometer earphones when they produced sound pres- 
sures in the ear canals of the subjects at threshold level. 
These voltages are called threshold voltages. By a 
procedure known as loudness-balancing (to be de- 
scribed), these threshold voltages have been trans- 
ferred at the Bureau from the Survey earphones to more 
stable earphones, the Western Electric type 705A ear- 
phone, kept at the Bureau. The pressures produced 
in the Bureau-designed Standard Coupler No. 9A by 
these stable earphones when threshold voltages were 
applied at their terminals were determined soon after 
completion of the survey, for there was a possibility 
that aging of the earphones might change the threshold 
voltages. These pressures became the threshold stand- 
ards for that particular type of earphone. They are 
independent of subsequent changes in response of the 
earphone (see table). 

The Standard Coupler No. 9A consists of a heavy 
brass shell containing a specified volume of air in an 
enclosure of simple geometric design. The earphone 
is placed over the opening in the coupler, and the sound 
pressures which it produces in the air volume are meas- 
ured by means of a calibrated pressure-sensitive micro- 


Upper left: The first piece of equipment used at the Bureau 
in a study of the actual performance of earphones on hu- 
man ears. Results of this work showed that the perform- 
ance of earphones on “artificial ear”? calibrating couplers 
differed significantly from their performance on living 
subjects. The force holding the earphone against the ear 
(an important variable) is measured by means of a bel- 
lows spring, visible on the subject’s right ear. Through 
a probe microphone and preamplifier at the left ear, 
the sound pressure amplitude generated in the subject’s 
ear by the earphone is measured. The subject is R. F. 
Brown, Jr., who built and helped design the lucite frame- 
work. Upper right: Apparatus used for measuring 
the mechanical impedance that the human mastoid 
presents to a bone-conduction driver. The support on 
the right side of the picture merely steadies the subject’s 
head so that the driving mechanism can be held against 
his head with controlled force. Lower right: NBS Stand- 
ard Coupler 9A, which was designed for calibration of 
audiometer receivers. The face of the receiver being 
calibrated rests on the upper edge with a coupling force 
equal to the weight of the receiver plus 400 grams. The 
entire assembly is designed for use with a condenser 
microphone amplifier. Lower left: E. L. Smith makes a 
threshold measurement of normal human hearing via 
bone conduction. The dual-channel recorder at the left 
records signals proportional to the x- and y-components 
of the impedance. The equipment shown is approxi- 
mately one-third of the total required in the measure- 
ment. 
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phone ? within the coupler. The volume of air within 
the coupler is about 5.7 cm’. This is approximately 
the volume within an average ear canal when an ear- 
phone is placed over the ear. 

The standard coupler pressures are not equal to the 
threshold pressures in the ear canal because the coupler 
does not present to the earphone an acoustic load identi- 
cal with that of the ear canal. This was, of course, 
known from the beginning; for the ear presents addi- 
tional loading due to compliance of flesh, and leakage 
of sound occurs between the ear and the cap of the ear- 
phone. Although the threshold pressures in the ear 
canal are presumably the same for all earphones, there 
is no reason to expect the standard coupler pressures 
to be identical for all types of earphone. 

It is this fact that makes necessary the task of loud- 
ness-balancing to establish threshold coupler pressures 
for each new type of earphone. Until a coupler can 
be developed which presents a better replica of the ear’s 
impedance over a wide frequency range, the alternative 
to loudness-balancing is a complete threshold deter- 
mination for each new type of earphone. 

Loudness-balancing to establish threshold standards 
for new types of transducers rests upon the premise 
that coupler standard threshold pressures are the same 
for all earphones of the same type. To determine 
standard coupler pressures for earphones of a new type, 
at least six subjects having approximately normal hear- 
ing make measurements of the voltages applied at the 
terminals of the new earphone and of the standard ear- 
phone which will produce equally loud sounds at sound 
jevels about 20 db above threshold. These data are 
combined with the measurement of the responses of 
the earphones when placed on the coupler to find the 
standard pressures corresponding to normal threshold 
at various frequencies for the new earphones. 


Sound pressure in Coupler No. 9A corresponding to threshold 
for the Western Electric type 705A earphone 


Decibels re 1 microbar 


Combined 
Present ASA NBS and Present 
Frequency| standard é U.S. Army British 

determi- standard 19 
nation 9 
c/s 

125 —19.5 —28.7 —29.0 
250 —34. 4 —49.7 —47.5 
500 —49.2 —62.9 —60.0 
1000 —57.3 —67.1 —65. 0 
2000 —57.0 —66.1 —64.5 
4000 —58.9 —61.6 —63. 5 
8000 —53.1 —61.3 —64. 5 


Standard threshold pressures in Standard Coupler 
No. 9A have been determined for a number of different 
commercially available audiometer earphones.* The 
National Health Survey measurements were made at 
octaves of 128 c/s. In recent years the standard fre- 
quencies for audiometric measurements have been 
shifted to the nearly equivalent multiples and sub- 
multiples of 1000 c/s, for convenience in frequency 
measurement. Threshold pressures now in use as 
standards have been extrapolated to the newer 125 c/s 
base by use of the minimum audible sound pres- 
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. sure curve determined by L. J. Sivian and S. D. White 


of Bell Telephone Laboratories.* 

Specifications for audiometers to be used for gen- 
eral diagnostic purposes are embodied in an American 
Standards Association Specification ® now being re- 
vised. These specifications are based on use of the 
NBS 9A coupler as the standard coupler and on the 
standard coupler pressures as determined at NBS for 
the laboratory standard earphone. 

At present, there is no standard threshold of hearing 
by bone conduction. Nor is there any proven pro- 
cedure for calibrating bone conduction receivers. The 
Bureau has made a study of threshold of hearing by 
bone conduction,® * and is working toward develop- 
ment of an artificial mastoid to serve for the calibra- 
tion of bone-conduction receivers in the same way that 
the earphone coupler now serves for calibrating air- 
conduction earphones. The amount of vibration re- 
quired to elicit the threshold sensation of hearing can 
be expressed as an acceleration level. As determined 
at the Bureau, this level is — 28 db at the forehead and 
—40 db at the mastoid process, both relative to 1 m/ 
sec’. These values are independent of frequency from 
250 c/s to 10,000 c/s and were determined for a plane 
area of contact of the vibrator driving tip of 2 cm 
diameter, and with a static coupling force of 1 kg. 

The recent development of two delicate surgical 
operations, stapes mobilization and fenestration, which 
can relieve deafness due to certain types of defects in 
the middle ear, has drawn attention to the need for an 
accurate method of distinguishing between hearing 
losses resulting from an impaired auditory nerve and 
those resulting from defective sound conduction link- 
age in the middle ear. If a person has a hearing loss 
due to defective sound conduction linkage—but has an 
unimpaired auditory nerve, he may be expected to 
have a normal threshold of hearing by bone conduction. 
In some instances, then, the defective linkage can be 
surgically repaired and normal hearing by air conduc- 
tion obtained or restored. The possibilities promised 
by these operative procedures have enhanced the 
importance of accurately determining threshold of 
hearing by bone conduction. 


Sound Pressure Qutput 


Standard procedures for calibrating an audiometer 
for air conduction measurements have been developed 
at NBS.§ Some of the main features of the calibration 
are the following: A check of the sound pressure output 
of the audiometer against standard threshold pressures 
is made by measuring the sound pressure it produces 
in NBS Standard Coupler No. 9A. The measurement 
is made at a single setting of the hearing loss dial— 
usually 60 db—for each frequency. The pressure pro- 
duced at other settings of the hearing loss dial can be 
derived from an electrical calibration. 

For this sound pressure measurement, a substituted 
voltage is used to determine the voltage output of the 
condenser microphone in Standard Coupler No. 9A. 
The microphone is connected to a preamplifier of the 
cathode-follower type, and with the hearing loss dial 
set at 60 db, the microphone output meter is read. 
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The audiometer hearing loss dial is then turned back . 


to its lowest output setting (maximum attenuation), 
and a calibrated voltage of the same frequency as that 
of the audiometer signal is inserted in series with the 
microphone. The substitution voltage is adjusted by 
means of a calibrated attenuator until the output meter 
on the microphone reads the same as it did when the 
audiometer tone was being applied. The sound pres- 
sure in the coupler can then be computed from the 
amplitude of the calibrating voltage and the previously 
measured voltage response of the microphone.? (The 
microphone response represents the ratio of its output 
voltage to the sound pressure incident upon it.) 


Frequency Measurement 


The frequencies of the audiometer tones can be 
checked in various ways. They may be compared 
with a standard timing frequency by means of elec- 
tronic counters. It is also possible to use audible beats 
or Lissajous figures on an oscilloscope to check the 
audiometer frequencies against a calibrated beat- 
frequency oscillator. The oscillator calibration can be 
determined by making use of the standard frequency 
broadcasts from NBS radio station WWYV at Beltsville, 
Maryland. Checking audible beats against calibrated 
tuning forks is a convenient portable means that may 
be used. 


Background Noise Level 


The background noise level in the audiometer ear- 
phone output is evaluated by a weighted measurement 
of the sound level produced by the earphone in NBS 
Standard Coupler No. 9A when the audiometer is 
turned on but the signal tone is interrupted. The rela- 
tive weighting is that of the zero loudness level curve 
of intensity level versus frequency because, at low sound 
intensities, the sensitivity of the ear is a strong function 
of frequency. The measurement is usually made for 
all settings of the hearing loss dial and at all settings of 
the frequency control. It has been found that the 
general noise level varies somewhat with these settings. 
The noise background introduced by the power supply 
depends upon the voltage characteristics of the power 
line; thus it is necessary to conduct measurements of 
background noise while the audiometer is being oper- 
ated from a power line of definitely known noise 
characteristics. 


Earphone Response 


If an audiometer in service is suspected of giving 
incorrect readings, the source of trouble may often be 
located by measuring the response of the earphone 
on the 9A coupler. The response is the pressure pro- 
duced in the coupler per unit voltage applied to the ear- 
phone terminals. An audiometer is adjusted as a unit 
for a particular earphone. If difficulty develops and 
spurious threshold measurements are being made, it 
may be that the earphone has shifted in response or 
that the output voltage of the audiometer has changed. 

The measured response of the earphone is combined 
with the standard threshold pressures specified for that 
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type*of earphone to find the voltages which should be 
applied to the terminals of the earphone to produce a 
given sound level. These voltages are compared with 
the actual output voltages which the audiometer sup- 
plies across the earphone terminals. For this com- 
parison, a level of 60 db above threshold might be 
chosen with advantage, so that the voltage will be in a 
range convenient for accurate measurement. 

If the voltages put out by the audiometer depart 
systematically from the requisite values at all fre- 
quencies, or are low or high at only one particular 
frequency, the difficulty is probably in the audiometer 
circuit. Deviations due to drift in the earphone 
response usually show a systematic dependence upon 
frequency. 

International Standards 


Through the International Standards Organization, 
efforts are being made to establish a uniform zero ref- 
erence level for audiometers by international agree- 
ment. For air conduction, each country has its own 
standard earphone type and coupler. In order to pre- 
sent threshold data obtained in various laboratories on 
a common basis, NBS participated in transfer of thresh- 
old measurements performed by five countries—France, 
Germany, the United Kingdom, the USSR, and the 
United States—from one earphone-coupler combination 
to another. With these transfer constants, threshold 
data for the earphone-coupler combination of one coun- 
try can be expressed in terms of the earphone-coupler 
combination of another country. The procedure being 
used at present to combine the many recent studies in 
all these countries of normal threshold of hearing with 
the transfer constants is largely based upon a method 
devised by R. K. Cook of the Bureau’s sound laboratory. 
For other earphones and other types of coupler, a series 
of transfer-measurements by loudness-balancing must 
be made. Efforts are being made to eliminate these 
transfer measurements through the establishment of in- 
ternational standards for earphone cap and coupler. 
The technical committee on electroacoustics of the In- 
ternational Electrotechnical Commission met in Baden- 
Baden in September 1962 and agreed to issue a report 
describing the NBS Coupler No. 9A as a device inter- 
nationally suitable for calibration of earphones used in 
audiometry. 

When an international standard is adopted concern- 
ing the levels to be maintained as standards for normal 
hearing, the American Standards Association plans to 
change its specifications to conform to it. The Na- 
tional Health Survey data were obtained using ordinary 
audiometric techniques, such as those commonly used 
by otologists, and now serve as American standards. 
Under laboratory conditions, however, or with im- 
proved systems for presenting test tones to subjects, 
lower threshold values are obtained. 

Results of recent studies in Europe and in the United 
States have been proposed as a basis for the pending 
international standard for normal threshold of hearing, 
which will be close to the present British standard and 
combined NBS and U.S. Army determination (see 
table). If the United States adopts the proposed inter- 
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national standard, the sound pressure values in Standard 
Coupler No. 9A that are maintained as standards for 
normal threshold of hearing will be lowered. From 
the standpoint of numerical readings, persons whose 
hearing is measured against the new standard will ex- 
hibit thresholds farther above the international “nor- 
mal” than above the present threshold standard for 
normal. 


1Reports of the National Health Survey, Hearing 
Study Series, Bull. No. 5 (1935-36) . 

* Calibration of microphones, NBS Tech. News Bull. 
45, 188 (1961). 

* 4 table of standard threshold pressures produced in 
Coupler No. 9A by various commercially available ear- 
phones may be obtained by writing to the Sound Sec- 


tion, National Bureau of Standards, Washington 25, D.C. 

*L. J. Sivian and,S. D. White, J. Acoust. Soc. Am. 4, 
288-321 (1933). 

* American Standard Specification for Audiometers for 
General Diagnostic Purposes, No. Z24.5-1951, approved 
Mar. 21, 1951, American Standards Association, Inc. 

“E. L. R. Corliss and W. Koidan, J. Acoust. Soc. Am. 
27, 1164 (1955). 

"E. L. R. Corliss, E. L. Smith, and J. O. Magruder, 
Third ICA Congress I, 54 (1959). 

°E. L. R. Corliss and W. F. Snyder, J. Acoust. Soc. 
Am. 6, 837, (1950). 

° Albrite, Shutts, Whitlock, Cook, Corliss, and Burk- 
hard, A.M.A. Archives of Otol. 68, 194 (1958) ; unpub- 
lished NBS data. 

Whittle and Robinson, Nature 189, No. 4765, 617 
(1961). 


Eighteen Scientists Appointed as NBS Postdoctoral Associates 


The eighth annual competition for National Research 
Council—National Bureau of Standards Postdoctoral Associate- 
ship awards has recently closed with 18 young physicists, 
chemists, and mathematicians appointed to the Bureau for a 
year of advanced research. 

The associates will carry on their research at the NBS 
Washington or Boulder (Colo.) laboratories, each working 
closely with a senior member of the scientific staff on problems 
of mutual interest. 

The Postdoctoral Resident Research Associate program, 
which is supported financially by the Bureau and administered 
by the National Academy of Sciences—National Research Coun- 
cil, gives promising young scientists an opportunity to receive 
further training through advanced research. Postdoctoral study 
in the United States has traditionally been done at a college 
or university. However, in 1955 the Bureau instituted the first 
postdoctoral research program in government laboratories with 
the cooperation of the National Research Council. Subse- 
quently, other scientific organizations have followed their 
example. 

Scientists in the postdoctoral program at NBS conduct 
fundamental experimental and theoretical research under the 
guidance of their scientific advisers in many areas of basic im- 
portance in physics, chemistry, and mathematics. Studies such 
as these not only enlarge the fund of scientific knowledge and 
give additional training and development to highly capable and 
promising young scientists, but also bring about “cross-fertiliza- 
tion” of ideas. Both NBS and the organizations with which 
the postdoctoral scientists ultimately associate receive the bene- 
fits of their experience and of their research accomplishments. 
Since its inauguration, the NBS program has selected 81 young 
men as postdoctoral associates. Although recruitment is not 
the objective of this program. one third of the associates have 
elected to stay on as NBS staff members. 

The program at the Bureau is under the overall direction 
of the Educational Committee, with actual operation in the 
hands of a subcommittee composed of Washington staff members 
David E. Mann, Chairman; Joseph Hilsenrath; Merrill B. 
Wallenstein; and one of the following scientists from the 
Boulder Laboratories, who serve alternately: Franklin E. Roach; 
Robert J. Corruccini; or Richard C. Mockler. 

Before applying for the NRC-NBS Associateships, students 
must have completed the requirements for a doctorate in one 
of the physical sciences, and they must have received their Ph.D. 
degrees by the time they begin the associateship. They must 
also be United States citizens. Each November, the National 
Academy of Sciences announces the program to all universities 
granting Ph.D. degrees in the physical sciences. Candidates 
apply directly to the Academy before February 1, and are 
notified by March 15. Unless otherwise arranged, the as- 
sociateships may begin after July 1 and continue for one year, 
with the possibility of extension for a second year. In applying, 
the student indicates, from among the areas of research and the 
advisors listed in a supplement to the announcement, the par- 
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ticular program he wishes to pursue and the scientist with whom 
he wishes to work. 

Postdoctoral Research Associates appointed for 1962-63 
are: 

STANLEY ABRAMOWITZ, a native of Brooklyn, N.Y., Ph.D. 
in physical chemistry from the Polytechnic Institute of Brook- 
lyn, who will study the behavior of molecules in fixed cavities 
under H. P. Broida. 

Rosert L. Brown, born in Washingtton, D.C., Ph.D. in 
chemistry from Harvard University, will study the vibrational 
relaxation in iodine under Dr. Broida. 

Hasert H. CarMIcHAEL, born in St. Louis, Mo., Ph.D. in 
physical chemistry from the University of California, will 
study the photolysis of hexafluoroacetone-carbon tetrochloride 
mixtures under P. Ausloos. 

Ricuarp F, Demar, born in Cincinnati, Ohio, Ph.D. in 
mathematics from the University of Wisconsin, will study the 
polynomial expansions of entire functions under M. Newman. 

James E. Faer, born in Mishawaka, Ind., Ph.D. in physics 
from Princeton University, will investigate light-bending by 
gravitational fields under P. Bender at Boulder, Colo. 

Marcet L. Hauserstapt, born in France, Ph.D. in physical 
chemistry from Yale University, will study the isomerization 
of vibrationally excited (2,1,0) biclopentane under J. R. 
McNesby. 

EucenE C. JoHNsEN, born in Minneapolis, Minn., Ph.D. 
in mathematics from Ohio State University, will investigate 
certain combinatorial designs that arise in statistics under 
Dr. Newman. 

Rosert H. Kasti, born in New Kensington, Pa., Ph.D. in 
physical chemistry from New York University, will study the 
rotational and vibrational frequencies of 1,2-Diiodopropane 
under Earle K. Plyler. 

Davin M. Larsen, born in Paterson, N.J., Ph.D. in physics 
from M.I.T., will conduct research on the theory of interacting 
hard sphere gases at low temperatures under M. S. Green. 

JosepH A. Piroc, born in Brooklyn, N.Y., Ph.D. in chem- 
istry from Carnegie Institute of Technology, will conduct re- 
search on the reactions of methylene with simple molecules 
in solutions in liquid nitrogen under the direction of Dr. 
McNesby. 

Duncan E. Potanp, born in Muskegon, Mich., Ph.D. in 
physics from the University of Wisconsin, will study the rela- 
tionships between transport properties and the stoichiometry 
of crystalline compounds under James Becker. 

ALBERT RoMANO, born in New York, N.Y., Ph.D. in 
mathematical statistics from V.P.I., will investigate the effects 
of violations of assumptions in reliability life-test studies under 
Churchill Eisenhart. 

Jor D. Simmons, born in Elberton, Ga., Ph.D. in chemistry 
from Vanderbilt University, will make an investigation of 
a diatomic molecule in the vacuum ultraviolet region under 
A. M. Bass. 

Ropert E. Simpson, born in Buffalo, N.Y., Ph.D. in 
physics from Harvard University, will make electron spin 
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resonance studies of free radicals from excited water vapor 
under H. E. Radford. 

Joun W. Stewart, born in New‘ York, N.Y., Ph.D. in 
physics from Harvard University, will study dielectric polar- 
ization of hydrogen under R. J. Corruccini at Boulder, Colo. 

TANNIE STOVALL, born in Atlanta, Ga., Ph.D. in physics 
from the University of Minnesota, will study inelastic electron 
scattering under Everett Fuller. 


JosepH L. THompson, born in Newport News, Va., Ph.D. 
in chemistry from Pennsylvania State University, will study 
charged atom recoil from the n,y reaction under James R. 
DeVoe. 

Greorce H. Tuomson, born in Philadelphia, Pa., Ph.D. 
in chemistry from the University of Chicago, will study 
pressure-volume-temperature relations and intermolecular po- 
tential functions for gaseous fluorides under J. Hilsenrath. 


NBS Summer Student Program Includes White House Seminars 


THE BUREAU’S Summer Student Program for graduate, 
college, and exceptional high school students interested in 
science careers was broadened this year to include a series of 
lectures by President John F. Kennedy and other Federal 
leaders. The seminars, designed for summer students through- 
out the Federal service, supplemented their on-the-job experi- 
ence with an overall view of Government operations. 

The NBS program, which has existed since 1948, has 
aided the Bureau in its efforts to attract high-caliber young 
physical scientists and engineers to its laboratories. Students 
are given an opportunity to apply their education to a chal- 
lenging summer job and to discover the advantages of a research 
career at the Bureau. NBS benefits also. Besides contributing 
to the Bureau’s research program during the summer months, 
many of the students have returned as permanent staff members 
after graduation. 

This June, 136 college students from 65 schools throughout 
the country and 10 high school students who have achieved 
national recognition in science received interesting assignments 
in the field of their choice in the NBS laboratories. Several of 
the workers were even able to carry through a specific problem 
from inception to publication. During the course of the 
summer, they acquired practical laboratory experience and 
learned how the basic theories they have studied relate to a 
modern research project. 

The students’ jobs were selected in accordance with their 
interest and experience. All of the technical divisions in the 
Bureau’s Washington and Boulder laboratories included ap- 
propriate assignments for summer students in their projects. 
Returning students were often allowed to choose a problem. 
Young scientists worked in fields ranging from atomic physics 
to building technology, using the latest scientific equipment 
and materials. The diversity of projects included in the Bu- 
reau’s mission allowed each student to concentrate on his 
particular field and gain applicable experience. The majority 
of students taking part in the program were physicists, but 
assignments were also made for chemists, mathematicians, 
electrical engineers, mechanical engineers, and metallurgists. 

One veteran student included in the group was Jack L. Tech 
who has been at NBS for seven summers. Mr. Tech, who came 
to the Bureau after winning high honors in the Westinghouse 
Science Talent Search, returned each summer from Harvard 
University while he studied for his A.B. and M.S. degrees in 
astronomy. Asamember of the Spectroscopy Section, Mr. Tech 
has had the opportunity of working with such authorities in 
his field as Dr. William Meggers, Dr. Karl Kessler, Dr. Char- 
lotte Sitterly, and Dr. Carl Kiess. He has published three 
papers in Bureau and outside journals as a result of his research 
here and his work on the spectrum of rhenium II appears in 
NBS Circular 467, Atomic Energy Levels. This summer, Mr. 
Tech prepared manuscripts for publication on a new analysis 
of the bromine spectrum and on a theoretical problem in 


Karl G. Kessler, Chief of the NBS Atomic Physics Divi- 
sion, discusses spectroscopy with graduate physics stu- 
dents Peter Murphy (University of Maryland), Howard 
Rubin (University of Maryland), Robert Severance (Uni- 
versity of North Carolina), Gareth Janney (Georgetown 
University), Arthur Liberman (Dartmouth College), 
Michael Maloney (M.I.T.), and Richard Imlay (Uni- 
versity of Maryland). New summer employees partici- 
pated in these science seminars conducted by NBS senior 
scientists. The seminar groups met twice during the 
summer to discuss some phase of scientific research in 
their major field and college level. 
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quantum mechanics. He expects to return to Harvard to 
continue work on his Ph.D. degree. 

Judy Lloyd began her career at NBS last summer. Now 
a graduate of Cornell University with a B.A. in chemistry, 
she has returned permanently to her position in the Bureau’s 
Electrochemistry Section. Miss Lloyd is trying to establish a 
reference electrode for fused salts. 

Another former Westinghouse Science Talent Search 
winner, Ken Kloss, spent his fourth summer at the Bureau. 
Mr. Kloss, who recieved his B.S. in mathematics in June after 
three years at Carnegie Institute of Technology, studied several 
problems in number theory in the Applied Mathematics Divi- 
sion. He extended existing mathematical tables by consider- 
able factors and used some of the computations as a testing 
mechanism for the Bureau’s new computer, PILOT. The stu- 
dents in the Mathematics Division used the computer for pure 
as well as applied mathematics. Mr. Kloss is going back to 
Carnegie Tech for an M.S. and Ph.D. in preparation for a 
career in pure mathematics. 

This year, the students’ laboratory work was supplemented 
by a series of tours and lectures at the Federal, Department, and 
Bureau level. The White House Seminars were opened by the 
President who spoke on the Executive Branch of the Govern- 
ment. Successive meetings covered the Judicial Branch, the 
Legislative Branch, the Role of the Independent Agencies, Re- 
sponsible Government Investigation, and American Foreign 
Operations. The lectures were concluded in August by Vice- 
President Lyndon B. Johnson. 

In another series of seminars, Secretary of Commerce 
Luther H. Hodges and members of his staff discussed economic 
growth and other Departmental aims. 

The students also became familiar with the functions of 
the Bureau, the scope of its work and the opportunities it offers 
through a meeting with the NBS director, small informal sci- 
ence discussions with top-level scientists, visits to other NBS 
laboratories, and a complete tour of their own divisions. Ad- 
visors were available in each division to orient the students, 
guide their progress, and evaluate their reactions to the 
program. 

Student reactions from previous years have indicated a 
high degree of satisfaction with the program. Last year, for 
instance, 74 percent of the students rated job interest as high; 
94 percent said that the workload was adequate; and 129 re- 
quested reemployment. In turn, supervisors rated 72 percent 
of the workers as very good. 
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The 1962 Standards Laboratory Conference of the 
National Conference of Standards Laboratories, held 
at the Bureau’s Boulder Laboratories, August 8-10, 
1962, was attended by 643 representatives of industry, 
government, and the military services. The large 
number of registrants reflects the current widespread 
interest in standards and precision measurement. 
Over 30 individual papers were presented, and there 
were a number of panel presentations, as well as op- 
portunity for discussion from the floor. 

New officers of the NCSL elected at the meeting by 
special delegates, to take office October 1, 1962, 
include Charles E. Johnson (The Boeing Co.), Chair- 
man; Harvey W. Lance (NBS), Vice-Chairman; Ivan 
Easton (General Radio Corp.), Corresponding Secre- 
tary; in addition, Charles White (Avco RAD) will con- 
tinue the second year of a two-year term as Recording 
Secretary-Treasurer. The general committee for the 
year starting October 1 will consist of these officers, 
Lloyd Wilson as past Chairman, William Wildhack as 
a sponsor’s delegate from NBS, and the following 
elected members: Jerry Hayes (Bureau of Naval Weap- 
ons), William Amey (Leeds and Northrup Co.), Curt 
Biggs (Sandia Corp.), Peter Joeschke (Autonetics), 
and Herbert Barnhart (General Electric Co.). 

The NCSL was formed in September 1961 to provide 
a means by which standards laboratories could ex- 
change information and seek solutions to various stand- 
ards measurement problems, and to advise and co- 
operate with NBS in areas of mutual concern. Lloyd 
Wilson (Sperry Gyroscope Co.) was chosen at that time 
to serve as the first Chairman of the group. Rather 
than concentrate exclusively on problems of organiza- 
tion, it was decided to proceed on action items at once. 
This was accomplished through the establishment of 
a number of special committees to consider definite 
problem areas, and by conducting a series of six Stand- 
ards Laboratory Management Workshops, at which 
attendees could discuss problems and their possible 
solutions. The culmination of the first year’s activities 
was the 1962 Conference of Standards Laboratories at 
Boulder. Organizational accomplishments included 
the drafting of a set of bylaws to guide the organization, 
and securing the agreement of the National Bureau of 
Standards to be a sponsor of the NCSL. 

Dr. A. V. Astin, NBS Director, served as Chairman 
of the 1962 Standards Laboratory Conference and 
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opened the meeting by outlining the importance of 
standards laboratories in modern technology. Dr. 
Astin noted the Bureau’s need for the support and as- 
sistance of groups such as the NCSL in the fulfillment 
of its role in supplying national leadership in the meas- 
urement field. Dr. F. W. Brown, Director of the NBS 
Boulder Laboratories, then welcomed the group to 
Boulder. 

The opening session on Wednesday morning was 
devoted to descriptions of NBS services to standards 
laboratories. W. A. Wildhack, NBS Associate Direc- 
tor, outlined the various types of measurement services 
provided to industry and science, such as calibrations, 
standard materials, publications, and consultative 
services, and mentioned several projects planned for 
the near future, including seminars to be conducted 
by the Bureau in various areas of measurement science. 
These include sessions on attenuation, frequency com- 
parisons, and measurement of electromagnetic prop- 
erties of materials to be held at Boulder, and others, 
as yet unspecified, to be held at Washington. 

Other Bureau staff members then described specific 
NBS measurement areas in some detail, including in 
most cases charts showing the ranges and accuracies 
over which such measurements can be made. Attention 
was given to length, mass, temperature, pressure, and 
force calibrations, electrical calibrations at power and 
audiofrequencies, frequency and time calibration, 
high-frequency calibration, microwave calibration, and 
measurements and standards for radio and microwave 
materials. Problem areas were mentioned, as well as 
current and future plans to provide extended and more 
accurate measurement services. 

As the usefulness and accuracy of a series of meas- 
urements can often be extended through appropriate 
mathematical treatment of the data, the Wednesday 
afternoon session was devoted to error analysis of 
measurement systems. Four presentations were made 
which considered this topic in detail, including specific 
means used by one standards laboratory for assigning 
a confidence level to a measurement system. 

At a business and information meeting on Wednes- 
day evening the NCSL Chairman, Lloyd Wilson, de- 
scribed briefly the activities of the NCSL during the 
vear. He placed considerable emphasis, augmented 
by a panel presentation, on the concept of an NCSL 
information center. Such a center would serve as a 
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clearing house of information pertinent to standards 
laboratories, receiving information from a variety of 
sources, classifying and storing such information, and 
retrieving and distributing it as needed to standards 
laboratories. The chairmen of each of the NCSL 
special committees then reported on the progress made 
during the year in their particular areas. 

The first session on Thursday morning was devoted 
to corporate measurement standards programs. Prob- 
lems of establishing a standards program within a 
company, of assuring measurement agreement among 
several laboratories within a group, and of administer- 
ing a measurement services operation were presented. 

Two papers were given at a second morning session 
concerned with measurement agreement comparisons. 
The first of these papers dealt with mathematical con- 
cepts and the second with the actual comparison 
program within a large corporation. 

The afternoon session was devoted to consideration 
of the training of measurement personnel. The re- 


Charles Johnson (The Boeing Co.), Lloyd Wilson 
(Sperry Gyroscope Co.), Harvey Lance (NBS), Charles 
White (Aveo RAD), and William Wildhack (NBS), 
(left to right), members of the General Committee of 
the NCSL, met during the Conference at the NBS 
Boulder Laboratories to plan future developments for 
the organization. 


quirements for persons selected for measurement ac- 
tivities in the military and in industry, the procedures 
for selecting and evaluating personnel, and the types 
of training used in industry, the military, and one 
university were described. 

Dr. E. U. Condon, former Director of NBS and 
presently Professor of Physics at Washington Univer- 
sity, addressed the group at a banquet held Thursday 
evening. His topic was “Imbalance in Depth,” a con- 
sideration of the relative priorities and emphasis that 
are being given to such national programs as education, 
basic research, international understanding, space, and 
defense. 


The topic of Friday morning’s first session was cali- 
bration recycle analysis and workload control. The 
frequency of recall of equipment for calibration, and 
the scheduling of the workload within a standards 
laboratory, were considered from the standpoint of 
maximum efficiency. 

A presentation was then made of NCSL relations 
with other technical societies. Representatives of the 
American Ordnance Association, the Instrument So- 
ciety of America, the American Society for Testing 
and Materials, the American Society for Quality Con- 
trol, and the Institute of Radio Enginers outlined po- 
tential areas of cooperation with NCSL, and promised 
the support of their groups. It was agreed that the 
NCSL should maintain close liaison with such societies 
in an attempt to identify problem areas and program 
work in those areas and to prevent any needless 
duplication of effort. 

A handbook of Suggested Practices for Standards 
Laboratories was distributed at the closing session 
Friday afternoon. The handbook, a preliminary docu- 
ment, presented in outline form items that should be 
considered in the effective organization and manage- 
ment of a standards laboratory. 

The proceedings of the Conference will be published 
as a Monograph by the National Bureau of Standards; 
it is expected to be available early in 1963. A copy will 
be provided each attendee of the August Conference; 
additional copies will be available from the Superin- 
tendent of Documents, U.S. Government Printing 


Office. 


ANNOUNCEMENT 
of a Fundamental Change in the CRPL-D Series, 


Basic Radio Propagation Predictions 


A fundamental change in the form and content of 
the CRPL-D series, Basic Radio Propagation Predic- 
tions,’ will be made in January 1963. The predictions 
provide data necessary for calculating the best fre- 
quencies for radio communication between any two 
points on the earth at any time during the given month. 

The first of the new form of predictions will be 
CRPL-D221, issued in January 1963, containing pre- 
dictions for April 1963. Beginning with that issue, to 
be sent to the present subscribers of this series, the 
predictions will be prepared by a method of numerical 
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mapping using a high-speed electronic computer. This 
method was developed by W. B. Jones and R. M. Gallet 
of the Central Radio Propagation Laboratory. In- 
structions for use of the new predictions will be issued 
concurrently. 

The new format will include tables of coefficients 
which, when used as input data with a suitable program, 
make possible the efficient use of a computer for calcula- 
tion of detailed high-frequency radio propagation pre- 
dictions for any application. 

World prediction maps for every even hour, Univer- 
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sal Time, will be provided for those who do not have the 
use of a computer. These will be actual world maps 
of zero—MUF and 4000—MUF, instead of the time charts 
for four zones appearing in previous issues. Methods 
for using the new maps will be similar to methods for 
using the former time charts. The D-series predictions 


Portland Cement Standard Samples 


A series of five standard samples of portland cement * 
is now available. These standards (NBS standard 
sample Nos. 1011, 1013, 1014, 1015, and 1016), useful 
for both chemical and X-ray fluorescence analyses, are 
used to calibrate instruments and check accuracy of the 
methods employed by cement laboratories. 

X-ray fluorescence apparatus is coming more and 
more into general use for chemical analyses and control 
in the cement industry. Because analysis with such 
apparatus is based on comparison methods, the instru- 
ments must be carefully standardized with known stand- 
ards to obtain accurate results. So that all laboratories 
may have the same materials to calibrate their instru- 
ments, portland cement standard samples with a range 
of chemical composition were prepared by the Bureau’s 
inorganic building materials section. 


Standard samples of portland cement 


1011 | 1013 1014 | 1015 | 1016 


Element 


SiQget toy as coe 21.03 | 24. 1,7 49 | 20.65 21.0; 
AlsOgecene Seam 5.38 | 3.30 | 6.38 | 5.04 4.97 
FesOp. 3: ote 2.00 |) 3.07) 2. 0041 | 3.27 3. 71 
TiO se traces ere 0.25 | 0.20 | 0.25 | 0.26 0. 34 
PAO peek eee . 33 . 20 . 32 05 13 
CaO(+ SLO) eee 66.69 | 64.34 | 63.35 | 61. 4 65. 26 
er 8 POP ce eye eee 0.11.) 0.08 | 0.26} 0.11 0. 25 
MeO es su caae 1. 12 1.39 | 2.80] 4.25 . 42 

Bs eidiattaces, ott eens 1.75 | 1.80 | 2.70 | 2.28 2.27 
Mn,O3har. eta. or 0.03 | 0.05 | 0.07 | 0.06 0. 04 
INagOee tink seins cu: 08 . 20 24 16 - 99 
KeOk a ede aes. 26 . 32 99 87 04 


Loss on ignition.. . 


The composition of the cements and concentration 
of the 12 oxides, plus loss due to ignition, were deter- 


174. 


_ will continue to be issued through the Superintendent 


of Documents, U.5.,Government Printing Office. 


* Available from Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C. An- 
nual subscription price: Domestic $1.50, foreign $2.00. 
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mined by cooperating laboratories. The results are 
now issued in a provisional certificate of analysis which 
accompanies each series of samples. The samples are 
sealed first in individual vials and then in small glass 
containers to prevent absorption of moisture by the 
cement. 

The cements were chosen so that for three of the com- 
ponents approximately the highest and lowest content 
occurring in domestic production is present. The con- 
tent of silica ranges from 19.4, to 24.1, percent, that of 
calcium oxide from 61.4, to 66.6) percent, and that of 
magnesia from 0.42 to 4.25 percent. Most of the other 
constituents are in useful ranges of values; for example, 
the Na.O content ranges from 0.08 to 0.55 percent, and 
that of K,0 from 0.04 to 0.99 percent. This gradation 
furnishes to researchers a wide range for calibration. 
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Schematic drawing of the apparatus used to determine 
the viscosity of glass by the fiber elongation method. 
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The cement standards are available for $6.00 per * 


set from the Standard Samples Clerk, National Bureau 
of Standards, Washington 25, D.C. Each set consists 
of three sealed containers each containing approxi- 
mately five grams of sample. 


Viscosity Standard Sample of Glass 


A viscosity standard sample of glass? is now avail- 
able for use in calibrating commercial glass viscometers. 
This homogeneous soda-lime-silica glass, NBS Stand- 
ard Sample No. 710, will also be helpful in correlating 
interlaboratory test results of vitreous substances and 
in achieving improved quality control of glass products. 
Several glass research laboratories, participating in the 
effort, obtained viscosity data on specimens of the glass 
for Bureau analysis. 

The viscosity of glass has a considerable effect on 
its other physical properties such as melting rate, de- 
vitrification temperature, crystallization characteristics, 
and the temperature and pressure ranges within which 
glass can be cast, pressed, drawn, or blown. Hence, 
glass—particularly the kind used in high-speed mass 
production processes—must conform closely to vis- 
cosity tolerances so that resulting products will have 
uniform thickness, shape, and strength. The present 
work was therefore undertaken by A. Napolitano and 
E. G. Hawkins of the Bureau staff to provide a means 
for calibrating viscometers at temperatures ranging 
from 575 to 1430 °C. 

Glass for the standard was obtained from a com- 
mercial source. It was made according to Bureau 
specifications, and sample specimens were forwarded 
to the cooperating laboratories for viscosity measure- 
ments. To determine the viscosity of a glass specimen 
at temperatures above its softening point (approxi- 
mately 724 °C), both the Bureau and the other labora- 
tories employed an adaptation of Margules’ technique.” 
In this method, an apparatus consisting of two con- 
centric platinum alloy cylinders is employed. The 
outer cylinder is closed at one end forming a crucible, 


- and contains molten glass at specific temperatures. The 


inner cylinder is suspended by a fine wire and is im- 
mersed in the molten glass. To obtain viscosity values, 
the outer cylinder is rotated at a constant velocity and 
viscous drag—caused by molten glass between the two 
concentric cylinders—is measured on the inner cyl- 
inder. Heat to melt the glass and to maintain it at a 
constant temperature is provided by resistance wind- 
ings. Special care is exercised to insure uniform heat- 
ing of the specimen, because slight temperature gra- 
dients affect the accuracy of viscosity measurements. 

To determine viscosity of specimens from tempera- 
tures of approximately 575 °C up to the softening point, 
a fiber elongation apparatus was used. In this device, 
a uniform fiber drawn from the parent glass is placed 
vertically under load in a furnace capable of producing 
even and constant temperatures. Viscosity is meas- 
ured as a function of elongation rate, fiber dimension, 
and load. 

Standard Sample No. 710, a block approximately 2 
in. X 3 in. X 4in. and weighing two pounds, may be 
obtained from the Standard Samples Clerk National 
Bureau of Standards, Washington 25, D.C., for $40.00. 
This is the first NBS sample for use primarily as a glass 
viscosity standard. A certificate of viscosity values is 
issued with each sample. In further work in this field, 
the Bureau plans to provide a lead-silica glass as a 
viscosity standard, as well as to make surface tension 
measurements on both the soda-lime-silica and lead- 
silica glass. 


1 Standard samples issued by the National Bureau of 
Standards are described in Standard Materials, Miscel- 
laneous Publication 241. This publication may be or- 
dered for 30 cents from the Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, D.C. 
Up-to-date supplementary inserts, which are issued peri- 
odically, are available upon request directly from the 
National Bureau of Standards. 

? Measurements of absolute viscosity by use of concen- 
tric cylinders, by H. R. Lillie, J. Amer. Ceram. Soc. 
12, No. 8, 505 (1929). 


Publications of the National Bureau of Standards 


Periodicals 


Technical News Bulletin, Vol. 47, No. 10, October 1962. 15 
cents. Annual subscription: $1.50, 75 cents additional for 
en mailing. Available on a 1-, 2-, or 3-year subscription 

asis. 

Basic Radio Propagation Predictions for January 1962. Three 
months in advance. CRPL-218, issued October 1962. 15 
cents. Annual subscription: $1.50, 50 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 

Section D, Radio propagation. Issued six times a year. 
Annual subscription: Domestic, $4; foreign, $4.75. 
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Nonperiodicals 


Chemistry of cement. Proceedings of the fourth international 
symposium, Washington, 1960, NBS Mono. 43, Vol. I 
(Aug. 31, 1962), $5.75; Vol. II (Sept. 27, 1962), $5.50. The 
two volumes are available at $11.25 a set. 

Systems of electrical units, F. B. Silsbee, NBS Mono. 56 
(Sept. 20, 1962), 30 cents. 


Technical Notes 


The sale of NBS Technical Notes has been trans- 
ferred from the Office of Technical Services, Department 
of Commerce, to the Superintendent of Documents, U.S. 


Government Printing Office. All Technical Notes carry- 
ing a PB number must be ordered from OTS. All Tech- 
nical Notes without PB numbers must be ordered from 
the Superintendent of Documents. 


General characteristics of linear strain gage accelerometers 
used in telemetry, P. S. Lederer, NBS Tech. Note 150 (June 
1962) 40 cents. 
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OFFICIAL BUSINESS 


Mode conversion in the earth-ionosphere waveguide, J. R. Wait, 
NBS Tech. Note 151 (June 8, 1962) 20 cents. ° ; 
A general survey of the semiconductor field, G.W. Reimherr, 

NBS Tech. Note 153 (Aug. 1962) 30 cents. 

The thermodynamic properties of helium from 3 to 300° K 
between 0.5 and 100 atmospheres, D. B. Mann, NBS Tech. 
Note 154 (Jan. 1962) 50 cents. 

Information selection systems retrieving replica copies: A 
state-of-the-art report, T. C. Bagg and M. E. Stevens, NBS 
Tech. Note 157 (Dec. 31, 1961) $1.25. 

Efficient use of the radio spectrum, K. A. Norton, NBS Tech 
Note 158 (Apr. 1962) 45 cents. 

A Fortran code for calculation of eigenvalues and eigenfunc- 
tions in real potential wells, R.S. Caswell, NBS Tech. Note 
159 (Aug. 1962) 25 cents. 


Publications in Other Journals 


Mass spectrum and appearance potentials of tetrafluorohydra- 
zine, J. T. Herron and V. H. Dibeler, J. Chem. Phys. 33, 
No. 5, 1595-1596 (Nov. 1960). 

Large longitudinal retarded elastic deformation of rubberlike 
network polymers, H. Leaderman, J. Polymer Sci. 59, No. 
168, S42 (June 1962). 

A survey of polar cap absorption events (solar proton events) 
in the period 1952 through 1960, D. K. Bailey and J. M. 
Harrington (Intern. Conf. on Cosmic Rays and the Earth 
Storm), J. Phys. Soc. Japan 17, Suppl. A-II, Pt. II, 334— 
337 (1962). 

Magnifications of a telescope, R. E. Stephens, J. Opt. Soc. Am. 
51, No. 7, 803-804 (July 1961). 

Isotope effect in an electric field and jump frequencies for 
diffusion in ionic crystals, J. R. Manning, J. Appl. Phys. 33, 
No. 7, 2145-2151 (July 1962). 

Determination of isotope effects by “double labeling” oxida- 
tion of d-glucose with iodine, H. S. Isbell, L. T. Sniegoski, 
and H. L. Frush, Anal. Chem. 34, No. 8, 982-984 (July 1962). 

Methods of nuclear orientation, E. Ambler, Book, Progress in 
Cryogenics, ed. K. Mendelssohn, HII, 235-280 (Heywood 
and Co., Ltd., London, England, 1960). 

Linear thermal expansion of aluminum oxide and thorium oxide 
from 100 to 1100 °K, J. B. Wachtman, Jr., T. G. Scuderi, 
and G. W. Cleek, J. Am. Ceram. Soc. 45, 310-323 (July 
1962). 

Molecular collision models and transition probabilities in liq- 
ee R. E. Nettleton, J. Chem. Phys. 38, 2226-2227 (Apr. 
962). 

Electronic development and production in the USSR, C. P. 
Marsden, Encyclopedia on Russia and the Soviet Union, pp. 
Toate (McGraw-Hill Book Co., Inc., New York, N.Y., 
1961). 

Microwave spectrum of trimethylarsine, D. R. Lide, Jr., Spec- 
trochem. Acta 15, 473 (1959). 

Lattice frequencies and rotational barriers for inorganic car- 
bonates and nitrates, R. A. Schroeder, C. E. Weir, and E. R. 
ates: J. Chem. Phys. 36, No. 10, 2803-2804 (May 

Group theory and crystal field theory, C. M. Herzfeld and 
P. H. E. Meijer, Book, Solid State Physics 12, 1-91 (Aca- 
demic Press, Inc., New York, N.Y., 1961). 

Ferroelectricity in the compound Bi:TisO., P. H. Fang and 
C. R. Robbins, Phys, Rev. 126, No. 3, 892 (May 1962). 
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Environmental characteristics of a small underground fallout 
shelter, P. R. Achenbach, F. J. J. Drapeau, and C 
Phillips, ASHRAE J. 4, No. 1, 21 (Jan. 1962). 

Opportunities in dental research, G. C. Paffenbarger, J. Am. 
Dental Assoc. 60, No. 3, 413-414 (Mar. 1960). 

On the nature of equatorial slant sporadic E. R. Cohen, K. L. 
Bowles, and W. Calvert, J. Geophys, Res. 67, No. 3, 965-972 
(Mar. 1962). 

Elementary statistical design, W. J. Youden, Conf. on Appli- 
cations of Statistical Methods in the Chemical Industry, 
Feb. 4, 1961 (Sponsored by Am. Soc. for Quality Control, 
Metropolitan Section, Seton Hall University, South Orange, 
N.J.), p. 43 (1961). 

Dielectric loss in “non-polar” polymers, A. J. Curtis, J. Chem. 
Phys. 36, No. 12, 3500 (June 15, 1962). 

Mobilities of positive ions in argon, E. C. Beaty, Proc. Conf. 
Ionization Phenomena in Gases, Aug. 28-Sept. 1, 1961, Mu- 
nich, Germany, p. 183 (North Holland Publ. Co., Amsterdam, 
The Netherlands, 1962) . 

Blue-glass filters to approximate the blackbody at 6500 °K, 
D. B. Judd, Farbe 10, No. 1-4, 31 (1961). 

Correction to “doppler studies of the ionosphere with vertical 
incidence,” K, Davies, Proc. IRE 50, No. 6, 94 (June 1962). 

Electron photo-detachment from ions and elastic collision cross 
sections for O, C, Cl and F, J. W. Cooper and J. B. Martin, 
Phys. Rev. 126, No. 4, 1482 (May 15,1962). - 

Application of reflectometer techniques to accurate reflection 
measurements in coaxial systems, R. W. Beatty and W. J. 
Anson, Proc. Inst. Elec. Engr. B, 109, 345-348 (July 1962). 

Chemically induced vibrational excitation: Hydroxyl radical 
emission in the 1-3-micron region produced by the H+Os 
atomic flame, D. Garvin, H. P. Broida, and H. J. Kostkowski, 
J. Chem. Phys. 37, No. 1, 193 (July 1962). 

Gas-phase radiolysis of propane, P. Ausloos and S. Lias, 
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